
United States Patent [191 
Rzeszewski 

[54] FULLY COMPATIBLE HIGH DEFINITION 
TELEVISION 

[75] Inventor: Theodore S. Rzeszewski, Lombard, 
Ill. 

[73] Assignee: AT&T Bell Laboratories, Murray 

4,622,578 
Nov. 11, 1986 

[11] Patent Number: 

[45] Date of Patent: 

and Transmission”, T. Fujio, SMPT E Journal, 8/80, 
vol. 89, No. 8, pp. 579-584. 
“Fibre Optic Analogue Transmission Experiment for 
High-De?nition Television Signals Using Semiconduc 
tor Laser Diodes”, Electronics Letters, Jul. 3, 1980, vol. 
16, No. 14, pp. 536-538. 

Hill, NJ- “Research and Development on High-De?nition Tele 
[21] Appl_ No_; 583,099 vision in Japan”, K. Hayashi, SMPTE Journal, Mar. 
22 F1 d‘ F b 23 1984 1981, vol. 90, No. 3, pp- 178-186. 

[ 1 1e ‘ e ' ’ “Magnet Recording of a High-De?nition Television 

Related US. Application Data 

[63] Continuation-impart of Ser. No. 462,065, Jan. 28, 1983, 

Signal”, Abe et a1, SMPTE Journal, vol. 90, No. 3, Mar. 
1981, pp. 192-195. . 
“High-De?nition Television System-Signal Standards 
and Transmission”, T. Fujio et al., IBC 80, Int. Broad 

abandoned. 
[51] Int Cl 4 HMN 11/06_ HO4N 11/14 casting Convention Brighton, UK, Sep. 20-23, 1980, pp. 

. . ............ .. , 1448‘ v 

[52] US. Cl. ....................................... .. 358/12; 358/16 . . 
[58] Field of Search ...................... .. ass/11, 12, 14, 16 (mt °°mmued (“1 “ext Page‘) 

[56] References Cited Primary Examiner-John W. Sheppard 
Assistant Examiner-—Michael P. Dunnam 

2 686 83U'S' IIAIEST DOCUMENTS 35 1 Attorney, Agent, or Firm-—John C. Moran 
, , l 8/ 95 ome ................................ .. 8/ 41 

3,617,626 11/1969 
4,296,431 10/1981 
4,300,161 11/1981 

[57] ABSTRACT 
A fully compatible high de?nition signal, which can still 

4,490,749 12/ 1984 Hirota ............................... .. 358/320 be received with conventional resolution by conven, 

FOREIGN PATENT DOCUMENTS tional TV receivers without auxiliary apparatus is pro 
_ _ vided by the present invention. One TV channel carries 

2101835 1/ 1983 United Klngdom ................ .. 358/ 39 the conventional TV Signal while high frequency lumi_ 

OTHER PUBLICATIONS nance and chrominance information is provided in a 

Herold, “A Compatible High-Resolution TV System 
for Cablecasting”, Proceedings of the IEEE, vol. 56, No. 
7, Jul. 1970, pp. 1013-1015. 
“High-De?nition Wide Screen Television System for 
the Future-Present State of the Study of HDTV Sys 
tems in Japan ”T. Fujio, IEEE Trans. on Brdcstg. 
12/ 180, vol. BC-26, No. 4. 
“The Future of High-De?nition Television: First Por 
tion of a Report of th SMPTE Study Group on High 
—De?nition Television”, Fink, SMPTE Journal, 2/80, 
vol. 89, No. 2, pp. 89-94. 
“The Future of High-De?nition, Television: Conclu 
sion of a Report of the SMPTE Study Group on High 
-De?nition Television”, Fink, SMPTE Journal, 3/80, 
vol. 89, No. 3, pp. 153-161. 
“High-De?nition Television System-Signal Standard 

142 

second TV channel. The baseband signal containing the 
high frequency components is derived from the lower 
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FULLY COMPATIBLE HIGH DEFINITION 
TELEVISION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of T. S. 
Rzeszewski 1, “Fully Compatible High De?nition Tele 
vision”, Ser. No. 462,065, which was ?led on Jan. 28, 
1983, now abandoned. 

TECHNICAL FIELD 

This invention relates to a system for providing im 
proved television picture quality and, more particu 
larly, to a system that provides a signal of improved 
quality to specially designed receivers and a signal of 
the usual quality to conventional receivers without 
alteration. 

BACKGROUND OF THE INVENTION 

It has long been desired to provide a high de?nition 
television picture which approaches the quality of a 
projected 35 mm photographic ?lm image. See, for 
example, Image Quality, “A Comparison of Photo 
graphic and Television Systems,” Otto H. Schade, Jr., 
RCA Corporation, 1975. 
The principal problems in achieving this goal are that 

any new system must use signals that can be received by 
conventional television receivers operating according 
to their respective NTSC, PAL, or SECAM standards, 
without modi?cation (i.e., fully compatible reception) 
and that the enhanced signal must be capable of being 
broadcast to the newly designed receivers without re 
quiring prohibitively large amounts of bandwidth. 

Prior art suggestions promising better picture quality 
but which require greatly increased bandwidth or 
which are not compatible with existing receivers are 
disclosed, inter alia, in the SMPT E Journal articles “The 
Future of High-De?nition Television: First Portion of a 
Report of the SMPTE Study Group on High-De?nition 
Television,” by D. G. Fink, Vol. 89, No. 2, February 
1980 at pp. 89-94 and Vol. 89, No. 3, March 1980 at pp. 
153-161; “High De?nition Television System-Signal 
Standard and Transmission” by T. Fujio, Vol. 89, No. 8, 
August 1980, pp. 579-584; and “Research and Develop 
ment on High-De?nition Television in Japan” by K. 
Hayashi, Vol. 90, No. 3, March 1981 at pp. 178-186. In 
these systems, the lines per frame range from 1023 to 
2125 and the required bandwidths range from 20 to 50 
megahertz (MHz). 

Other techniques labeled as high-de?nition or high 
resolution television systems have advocated some 
modi?cation of the manner of transmitting the conven 
tional TV signal to provide increased aspect ratio, 
greater horizontal line resolution or a better ?ltering of 
the color subcarrier pattern. US. Pat. No. 2,686,831 
issued to R. B. Dome on Aug. 17, 1954 proposes to 
improve picture quality by subdividing the baseband 
picture signal spectrum into three contiguous bands. 
The low frequency portion of the spectrum would be 
transmitted during all picture ?elds but the medium and 
“superhigh” frequency portions would be time multi 
plexed among the odd and even ?elds, respectively. 
US. Pat. No. 4,296,431 issued to K. F. Holland on Oct. 
20, 1981, proposes that the two color axes of the picture 
signal be inverted at different rates to provide better 
cancellation of the nonlinear phase shift characteristics 
of the transmission media. The color subcarrier fre 
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2 
quency is chosen as twice the standard (NTSC) fre 
quency to reduce horizontal sweep harmonic interfer 
ence so that the color subcarrier in adjacent frames may 
be 180° out of phase. 

Another technique for improving the horizontal and 
vertical de?nition and for reducing low frequency 
?icker is disclosed in the article “Concepts For A Com 
patible HIFI-Television System” by B. Wendland in 
NTG-Fachber, (Germany), Vol. 7, September, 1980, at 
pp. 407-416. Double rate image sampling, digital signal 
processing and offset sampling are used together with 
image storage at the receiver. 
A convenient summary of suggested techniques is 

contained in recent papers presented at the October 
1982 HDTV colloquium of the SMPTE in Ottawa, 
Canada: “High De?nition Television and Its Alterna 
tives,” by Ian Childs, B. B. 0; “Signal Processing for 
Compatible HDTV Systems, First Results,” by B. 
Wendland, Dortmund University, West Germany; 
“Television Systems For The Future,” by T. S. Robson, 
I. B. A.; and “Compatibility Aspects of HDTV,” by 
Kerns H. Powers, RCA Laboratories. 
The Childs paper described split luminance coding 

for the PAL system to reduce the effects of cross-color. 
The proposal would use the increased bandwidth avail 
able in the satellite channel under the 1977 World Ad 
ministration Radio Conference (WARC) plan to con 
tain the upper portion of the normal baseband lumi 
nance spectrum in a region split away from the band 
occupied by the chrominance information. The normal 
high-frequency luminance signals would be conve 
niently shifted from the normal baseband by using the 
color subcarrier, i.e., approximately 4.4 MHz in the 
PAL system. This particular shift was chosen because 
the color subcarrier is available in both the coder and 
decoder with accurately known phase and has mini 
mum visability in the decoded signal. The use of only 
one carrier would also avoid intermodulation in the 
satellite transponder. However, because the proposed 
system cannot be received by a standard PAL receiver 
unless a satellite “front end” were added, the system is 
not fully compatible with existing conventional (PAL) 
receivers. Further, the proposed system merely reduces 
the effects of cross-color without attempting to increase 
vertical and horizontal resolution. 

SUMMARY OF THE INVENTION 

In accordance with the principles of my invention, 
high de?nition television picture signals are provided 
which can be received at ordinary resolution on con 
ventional, unmodi?ed television sets (according to their 
respective NTSC, PAL or SECAM standard) and 
which can be received on modi?ed receivers without 
the need for more than twice the bandwidth of the 
conventional broadcast channel. 

In the illustrative embodiment, which is based on the 
NTSC system of 80 lines per MHz of horizontal band 
width, a horizontal resolution equivalent to 600 lines is 
obtained starting with a source capable of providing a 
baseband luminance signal having a bandwidth of 7.5 
MHz instead of the conventional 4.2 MHz bandwidth. 
Such a source may comprise a higher resolution camera 
that would scan at twice the standard line rate and have 
a resolution that is at least double the standard in the 
horizontal dimension and approximately double in the 
vertical dimension. The higher resolution signal, advan 
tageously subjected to anti-alias ?ltering to improve 
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vertical resolution, is then applied to a YIQ matrix capa~ 
ble of handling the broadband signal. A lower portion 
of the baseband luminance signal (Y), equivalent to that 
employed in standard TV, (illustratively extending 
from 0 to 3 MHz) is delivered to a conventional (illus 
tratively, NTSC) encoder to provide the conventional 
baseband video signal. However, the upper portion 
(illustratively, that extending from 2.5 to 7.5 MHz) of 
the increased bandwidth baseband luminance signal is 
delivered to a separate circuit which includes a modula 
tor, advantageously of the “product” type. 
The local oscillator of the modulator in the illustra 

tive embodiment has a frequency chosen to be a prede 
termined multiple of the frequency of the chrominance 
subcarrier. The predetermined multiple is chosen so 
that neither of the sidebands output by the modulator 
will overlap the conventional baseband video signal 
spectrum. Illustratively, the lower sideband is then se 
lected by a band-pass ?lter. For example, to achieve a 
horizontal resolution equivalent to 600 lines, delivery of 
the upper 5 MHz of the 7.5 MHz baseband luminance 
spectrum to the modulator determines that the prede 
termined multiple should be 3.5 times the frequency of 
the chrominance subcarrier in order not to overlap any 
portion of the conventional (NTSC) baseband spectra. 
In the NTSC system where the frequency of the chro 
minance subcarrier is 3.579545 MHz the lower sideband 
output of the modulator would extend from 4.9 to 10.1 
MHz thereby avoiding overlap into the conventional 
baseband video spectrum which has a cutoff frequency 
of 4.2 MHz. 
At a conventional receiver, the luminance and chro 

minance signals of the conventional broadcast channel 
may be detected by conventional receiver RF, IF and 
video decoder circuitry without modi?cation. At the 
newly designed receiver of my invention, the chromi 
nance signal may also be detected by conventional type 
circuitry. The high ?delity luminance signal, however, 
is detected by heterodyning or mixing the signal from 
the upper channel with a local oscillator set at the pre 
determined multiple of the chrominance subcarrier em 
bedded in the conventional channel. The lower side 
band signal produced by this mixing is then added to the 
conventionally-detected video signal to yield an en 
hanced picture signal having a horizontal resolution of 
up to 600 lines. 

Further in accordance with my invention, the de?ni 
tion of the color components of the baseband TV signal 
may also be improved. In the conventional (NTSC) 
color encoding scheme, the reproduction of high color 
purity impairs picture detail. Thus, if a pure red signal is 
attempted to be encoded there would, of course, be no 
blue or green signals. Since the luminance signal, which 
carries the detail is normally composed of 30 percent 
red, 59 percent green, and 11 percent blue, the absence 
of any blue or green signals means that the luminance, 
and therefore, the rendition of picture detail suffers. 

In accordance with my invention, band-limited seg 
ments of the high-frequency portions of the increased 
bandwidth I and Q signals are time multiplexed among 
successive horizontal lines of the picture. Cross’lumi 
nance and cross-color effects are reduced by modulat 
ing the multiplexed color signals with an even-multiple 
of the horizontal sweep frequency to provide a single 
sideband spectrum that interleaves in a non-interfering 
manner with the luminance spectrum. 

inn. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of my 
invention may become more apparent from reading the 
ensuing speci?cation together with the drawing in 
which: 
FIG. 1 shows the amplitude-frequency characteristic 

of the conventional baseband video signal; 
FIG. 2 shows the baseband amplitude-frequency 

characteristic of a wideband video source; 
FIG. 3 shows the result of high-pass ?ltering the 

amplitude-frequency characteristic of FIG. 2; 
FIG. 4 shows the two side bands produced by modu» 

lating the signal of FIG. 3; 
FIG. 5 shows a composite baseband amplitude-fre 

quency characteristic containing the conventional 
(NTSC) portion of FIG. 1 and the lower sideband por 
tion of FIG. 4; 
FIG. 6 showsthe composite baseband amplitude-fre 

quency characteristic of my invention including inter 
leaved high~frequency multiplexed chrominance sig 
nals; 
FIG. 7 is a block diagram of the high de?nition en 

coder according to my invention; and 
FIG. 8 is a block diagram of the high de?nition de 

coder of my invention. 

GENERAL DESCRIPTION 

FIG. 1 shows the nominal baseband amplitude-fre 
quency characteristics of the video signal at the trans 
mitter in the conventional NTSC system. The fre 
quency of the chrominance subcarrier, Fm is displaced 
by the 455th harmonic of half the horizontal line-scan 
ning frequency FH from the origin. This relationship 
was chosen to take advantage of the fact that the lumi 
nance spectra, Y, is actually not continuous (as shown) 
but exists as a multiplicity of groups of signals (not 
shown) centered about harmonics of the line-scanning 
frequency, F11. The chrominance subcarrier FSC is set at 
a frequency which is an odd harmonic of half the line 
scanning frequency, so as to lie in a valley between two 
of such signal groups. 
The chrominance subcarrier FSC is conventionally 

quadrature amplitude modulated by two chroma signals 
designated I and Q in FIG. 1. The Q-chroma signal 
reproduces colors from yellow-green to purple, while 
the I-chroma signal transmits hues ranging from bluish 
green (cyan) to orange. The I-chroma signal contains 
both double sideband and single sideband portions. The 
double sideband portion extends 0.5 MHz on either side 
of the in-phase chrominance subcarrier. The single side 
band portion extends from 0.5 to 1.5 MHz below the 
in-phase chrominance subcarrier. The narrow band 
Q-chroma signal is double sidebanded, extending 0.5 
MHz either side of the quadrature chrominance subcar 
rier. 

While FIG. 1 shows the nominal baseband amplitude 
frequency characteristic at the transmitter, many con 
temporary TV receivers do not use the full bandwidth 
of the I-chroma spectrum and instead con?ne their 
demodulation to hardly more than the 1 MHz band 
width encompassing the double-sideband portions of 
the I and Q signals. 

In FIG. 2, the baseband amplitude-frequency charac 
teristic of a wideband video source having an illustra 
tive luminance bandwidth of 7.5 MHz (adequate to 
provide a horizontal resolution of 600 lines) is shown. 
This broadened baseband source is assumed to be pro 
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vided by improved camera technology as heretofore 
mentioned. The required bandwidth is determined by 
the degree of improved horizontal resolution desired. 
Resolution is usually expressed in terms of vertical reso 
lution and horizontal resolution. The vertical resolution 
tells the number of horizontal lines alternating between 
black and white that can be resolved in the TV image. 
The horizontal resolution of a system can be expressed 
in terms of (vertical) lines that are of the same width as 
the horizontal lines used to determine the vertical reso 
lution. Since a cycle of horizontal bandwidth (half the 
horizontal line white, half black) contains the informa 
tion equivalent of two vertical lines, the width of the 
lines must be adjusted to be the same as for vertical 
resolution taking the 4 to 3 aspect ratio into account. 
The horizontal resolution per unit of video bandwidth 
is, therefore, determined by multiplying the effective 
horizontal line time by two and dividing by the aspect 
ratio. In the NTSC system, the effective horizontal line 
time is 53.5 micro seconds and the aspect ratio is 4/3. 
Accordingly, the horizontal resolution of the NTSC 
system may be expressed as approximately 80 li 
nes/MHz. Most NTSC receivers have about 3 MHz of 
bandwidth that results in 240 lines of resolution. The 7.5 
MHz source bandwidth will permit 600 lines of horizon 
tal resolution to be achieved. 

In accordance with my invention, the wideband lumi 
nance source signal of FIG. 2 is presented both to a 
conventional (NTSC) encoder and to a high-pass ?lter. 
The NTSC encoder accepts the lower 4.2 MHz of the 
7.5 MHz luminance signal as shown in FIG. 1. The 
high-pass ?lter, having a cutoff frequency of approxi 
mately 3 MHZ presents a luminance output, YH, shown 
in FIG. 3. The luminance output Y]; is delivered to a 
modulator, advantageously of the “product” type hav 
ing a local oscillator whose frequency is set at 3.5 times 
that of the chrominance subcarrier F“ embedded in the 
NTSC portion of FIG. 1. The modulator output con 
tains the upper and lower sideband signals shown in 

' FIG. 4. The upper sideband of FIG. 4 is discarded and 
the lower sideband is added to the conventional NTSC 
portion to yield the composite baseband amplitude-fre 
quency characteristics shown in FIG. 5. 

Further in accordance with my invention, an im 
provement in color rendition is achieved. In the con 
ventional NTSC encoding of color information, the 
bandwidth allocated to color is less than the bandwidth 
allocated to the luminance (which determines picture 
detail). As shown in FIG. 1, for example, the Q compo 
nent of color is conventionally allocated only about 
one-eighth the luminance (Y) bandwidth and the I com 
ponent of color is nominally allocated somewhat less 
than one-third the luminance bandwidth. However, 
because the I component’s single sideband portion is 
received at half the amplitude of the double sideband 
portion, dif?cult ?ltering problems would be encoun 
tered at the receiver and so, in actual practice, the I 
component of color is allocated no more bandwidth in 
the receiver than the Q component. In accordance with 
my invention, a greater portion of the increased band 
width that is allocated to luminance is made available 
for chrominance information than in the NTSC system. 
This is shown in FIG. 6 where high-frequency chromi 
nance information C‘ occupies a greater proportion of 
the bandwidth allocated to Y than the effective chromi 
nance information Q occupied of the Y bandwidth in 
the NTSC system of FIG. 1. 
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DETAILED DESCRIPTION 

Referring now to FIG. 7, a block diagram of the 
enhanced resolution TV modulator of my invention 
will be described. The increased bandwidth baseband 
signal of FIG. 2 is provided by circuit 700. Circuit 700, 
which advantageously may be of the type described in 
the foregoing Wendland article, contains an improved 
video source camera 701 capable of providing an output 
having more than the conventional number of scanning 
lines. Illustratively, a camera 701 capable of functioning 
as a 1050 line source of wideband red, green and blue 
signals, R, G, B, is provided. The wideband R, G, B 
signals from camera 701 are then subjected to anti-alias 
?ltering by circuit 702 to remove frequency compo 
nents above the Nyquist rate. 

Because the scanning process that changes the image 
into an electrical signal in the camera and then reassem 
bles the image on the picture tube is really a sampling 
process, the vertical resolution is usually determined by 
reducing the effective number of scan lines (the total 
number less the number of lines in the vertical blanking 
interval) by the “Kell factor” of 0.6 to 0.7. Band-limit 
ing of the camera/source signal, however, reduces the 
effects of aliasing and provides a Kell factor approach 
ing unity so that a vertical resolution approaching 483 
lines, (525-2X2l) is achieved. The point spread func 
tion (PSF) of the camera and the display are analogous 
to the impulse response in linear circuit theory and are 
usually adjusted by shaping the electron beam. How 
ever, a narrow PSF in the vertical direction means a 
wide frequency spectrum and aliasing, and a wide PSF 
means overlapping of adjacent lines and low-pass ?lter 
ing in the vertical direction (defocusing). In the NTSC 
system, the PSF is adjusted to compromise between 
aliasing and defocusing. In accordance with the princi 
ples of the illustrative embodiment, anti-aliasing (pre?l 
tering) is employed in circuit 700 of the coder apparatus 
of FIG. 7 and interpolation (post ?ltering) is employed 
at the corresponding circuit 850 decoder apparatus of 
the receiver, (FIG. 8). 

In circuit 700, the anti-alias ?ltered camera signals are 
applied by circuit 702 to scan converter 703. Scan con 
verter 703 deletes every second line of each of the 1050 
line R, G, B signals to obtain a 525 line signal for ulti 
mate transmission that will be compatible with the base 
band of existing (NTSC) television receivers. The wide 
band R, G, B signals at the output of scan converter 703 
are applied to the RGB-to-YIQ conversion matrix 720. 
Because of the wideband input of the R, G, B signals, 
the luminance output Y of conversion matrix 720 exhib 
its the wideband amplitude-frequency characteristics of 
FIG. 2. 
NTSC encoder 730 receives the Y, I, Q output of 

matrix 720 and provides conventional luminance and 
chrominance output signals, YL+CL, to adder 735, a 
composite sync signal to circuit 745, and the conven 
tional NTSC chrominance subcarrier signal PS6 to cir 
cuit 731. In the absence of any other input, the output of 
adder 735 would simply provide a conventional NTSC 
baseband signal to the ?nal video modulator stage (not 
shown) which would radiate a signal in a designated TV 
channel according to the frequency of the video carrier 
selected. However, in accordance with my invention, 
adder 735 is provided with two additional inputs CH 
and Y']; to be described, which are transmitted by a 
?nal modulator stage (not shown) on the second of two 
designated TV channels. These two channels should 
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preferably be adjacent channels to minimize the effects 
of weather, however, more widely separated channels 
may also be employed. 

Circuit 731 receives the chrominance subcarrier FM 
and serves as a local oscillator for a modulator 732. The 
frequency of the local oscillator output is advanta 
geously chosen to be 7/2 the frequency of the chromi 
nance subcarrier F“. In the NTSC system, where the 
baseband chrominance subcarrier is 455><FH/2, the 
local oscillator frequency, FC, provided by circuit 731 to 
modulator 732 would be approximately 12.53 MHz. 
The other signal that is input to modulator 732 is the 
upper portion of the wideband luminance signal, YH, 
that is taken from the Y signal output of matrix 720 after 
being ?ltered by high-pass ?lter 733. Filter 733 is advan 
tageously chosen to have a cutoff frequency of approxi 
mately 3 MHZ. 
The output of modulator 732 contains the two side 

bands shown in FIG. 4. The upper sideband is sup 
pressed in band-pass ?lter 734 and the lower sideband 
Y’H is passed to adder 735. The combination in adder 
735 of the conventional signals YL+CL from NTSC 
encoder 730 with the wideband luminance signal Y’H 
from ?lter 734 yields a baseband output signal having 
the amplitude-frequency characteristic of FIG. 5. This 
amplitude-frequency characteristic is capable of provid 
ing a high de?nition image within a signal spectrum 
requiring not more than two conventional (6 MHZ) 
video channels. ' 

In accordance with another aspect of my invention, 
however, I also provide circuitry for enhancing the 
de?nition of the high-frequency chrominance compo 
nents of the video signal. The Q and I outputs of con 
version matrix 720 are, respectively, delivered to band 
pass ?lters 741 and 742 which limit each chrominance 
component to a 1.5 MHZ bandwidth extending from 0.5 
to 2.0 MHz. The band-limited outputs of ?lters 741 and 
742 are sampled at half the normal line (FH/ 2) rate by 
color multiplexer 743 under the control of line selection 
circuit 745. Line selection circuit 745 receives the com~ 
posite sync output of NTSC encoder 730 and controls 
color multiplexer 743, advantageously by counting the 
sync pulses, so that each new ?eld starts its ?rst line 
from the I signal output of ?lter 742. 
The high-frequency chrominance components, I and 

Q, alternately selected by color multiplexer 743 are 
applied to product modulator 750. The frequency of the 
local oscillator F0 that is applied to product modulator 
750 is chosen so that the chrominance output spectra of 
the modulator will interleave, without interference, the 
high~frequency luminance spectra of the signals from 
band pass ?lter 734. Since color multiplexer 743 samples 
the I and Q chrominance components at half the hori 
zontal line rate, (F];/ 2), the multiplexer’s output spectra 
is naturally grouped at multiples of half the line rate. 
This grouping would interfere with the luminance spec 
tra which contains signals grouped at multiples of the 
NTSC color subcarrier, F“. To avoid this interference, 
the local oscillator frequency, F0, applied to product 
modulator 750 is proportioned according to the formula 
F0=288FH. 
The high-frequency multiplexed chrominance com 

ponents at the output of modulator 750 are applied to 
band-pass ?lter 760 to eliminate the lower sideband. 
The upper sideband output, C’ H, of ?lter 760 is applied 
to one input of adder 735. Since the other inputs of 
adder 735 are the conventional NTSC baseband signal 
and the high-frequency luminance, Y’];, the output of 
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adder 735 provides the composite baseband signal of 
FIG. 6. 

Compatibility with existing receivers is immediately 
apparent because the lower portion of the composite 
signal (FIG. 6) may be decoded by conventional NTSC 
receiver circuitry. However, in accordance with an 
illustrative embodiment of the improved decoder of my 
invention, both the conventional NTSC spectrum as 
well as the high wideband amplitude-frequency charac 
teristics are decoded. 
An illustrative embodiment of a decoder according to 

my invention is shown in FIG. 8. RF tuner, video detec 
tor and IF stage 801 receives the incoming TV signal, 
i.e., the two TV channels containing the broadband 
luminance and chrominance information heretofore 
described. Accordingly, stage 801 may contain either a 
broadband RF tuner capable of receiving two adjacent 
TV channels or separate RF tuners each tuned to a 
respective channel. In either event, the output of circuit 
801 provides the baseband amplitude-frequency charac 
teristic of FIG. 6. Circuit 801 is coupled at its output to 
circuits 802, 810, 812, 830 and 840. 
NTSC color decoder 802 receives the broadband 

signal of FIG. 6 from stage 801 and at its output pro 
vides the conventional (narrowband) Q and I chromi 
nance signals designated, QL and 1,; to adders 804 and 
805, respectively. Adders 804 and 805 combine the 
conventional Q and I chrominance signal with the high 
frequency chrominance signals that is derived from 
stage 801 by the tandem arrangement of band-pass ?lter 
810, single sideband demodulator 820 and color demul 
tiplexer 825. Band-pass ?lter 810 delivers the 1.5 MHz 
wide color signal extending from 5 to 6.5 MHz to de 
modulator 820. This signal is a replica of the signal CH 
of FIG. 7. 
The local oscillator frequency utilized by the product 

demodulator 821 of single sideband demodulator 820 is 
provided by frequency synthesizer 803 from the hori 
zontal sweep frequency output FH provided by NTSC 
color demodulator 802. This corresponds to the proce 
dure for using the even-multiple of the line rate em 
ployed in FIG. 7. Band pass ?lter 822 limits the output 
of demodulator 821 to the lower sideband signal. The 
signals at the output of 821 are in time-multiplexed 
form. Demultiplexer 825 operates upon these multi 
plexed signals and provides continuous I and Q signals 
to adders 804 and 805, respectively. In demultiplexer 
825, delay line 826 provides for one horizontal line of 
color information storage so that the present line’s I (Q) 
signal and the previous line’s Q (I) signal, stored in 
delay line 826, can be simultaneously presented to ad 
ders 805 and 804. The composite I and Q signals at the 
outputs of adders 805 and 804 are applied to conversion 
matrix 806 which produces wideband output R--Y, 
G--Y, and B-Y outputs to adder 807. 
A high-frequency luminance input, Y, to adder 807 is 

provided from adder 829 which receives as inputs the 
outputs of low pass ?lters 830 and 831. Filter 830 con 
strains the composite wideband video signal provided 
by stage 801 to the region 0 to 2.5 MHz. Low pass ?lter 
831 delivers the lower sideband output, 0 to 7.5 MHz, 
provided by product demodulator 841. Product demod 
ulator 841 receives a local‘ oscillator input from circuit 
842 that is 7/2 the frequency of the color subcarrier FSC 
detected by NTSC color decoder 802. The other input 
to product demodulator 841 is the upper portion of the 
baseband video signal extending from approximately 
4.9 to 10.1 MHz as shown in FIG. 6. 
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The composite high resolution R, G, and B signals 
provided at the output of adder 807 are delivered to 
output circuit 850 which includes a 525-t0-l050 line 
scan converter 851 and an interpolating ?lter circuit 
852. The interpolated R, G, and B signals from circuit 
852 are then available to be displayed on the TV screen 

of the receiver. 

CONCLUSION 
A fully compatible, bandwidth-conserving high de? 

nition television coding and decoding scheme has been 
described in terms of an NTSC environment that uses a 
10 MHz baseband signal that can be modulated to pro 
duce AM vestigial sideband signals within two standard 
6 MHz TV channels. One of the channels is of the type 
to be receivable by conventional receivers without 
alteration. Horizontal resolution of up to 600 lines is 
achievable from a 7.5 MHz luminance bandwidth. The 
source of 1050 line luminance and chrominance signals 
is subjected to anti-alias ?ltering to achieve a vertical 
resolution of up to 483 lines. Cross-talk between the 
individual baseband components of color and lumi 
nance signals is avoided by non-interferingly interleav 
ing multiplexed components of the high-frequency 
color signal into the high-frequency luminance spectra. 
The circuits and amplitude characteristics which 

have been described are deemed to be illustrative of the 
principles of my invention. Numerous modi?cations 
may be made by those skilled in the art without, how- 3 
ever, departing from the spirit and scope of my inven 
tion. 
What is claimed is: 
1. A method of generating a high resolution baseband 

video signal from a line-scanning source of anti-alias 
?ltered video signals having a number of scanning lines 
per frame and a bandwidth adequate to provide the 
desired degree of vertical and horizontal resolution, 
comprising the steps of 

modulating a high-pass ?ltered portion of said source 
signals with a signal having a frequency that is a 
multiple of the frequency of the chrominance sub 
carrier embedded in a lower portion of said base 
band source signals to produce a sideband signal 
having spectra that do not overlap the spectra of 
said lower portion, 

multiplexing among successive horizontal lines only 
the band-limited high-frequency portions of the 
color signal contained in said source signals, 

modulating said multiplexed band-limited color sig 
nal with a carrier signal to provide a single-side 
band color spectrum that non-interferingly inter 
leaves the high-frequency luminance spectra of 
said produced sideband signal and the modulated 
multiplexed color signal, and 

combining said produced sideband signal with said 
lower portion of said baseband signals. 

2. The method of claim 1 wherein said signal for 
modulating said high-pass ?ltered source signals has a 
frequency such that the frequency of the highest fre 
quency component of said source signals when sub 
tracted from the frequency of said modulating signal 
lies above the highest frequency of said lower portion of 
said baseband signals. 

3. The method of claim 2 wherein said carrier signal 
comprises an even multiple of the line scanning rate and 
said multiplex band-limited color signal modulating step 
comprises the step of modulating said multiplex band 
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limited color signal with said even multiple of said line 
scanning rate. 

4. The method of claim 3, further comprising 
deriving a line scanning synchronizing signal from 

said chrominance subcarrier; and 
controlling said multiplexing responsive to said syn 

chronizing signal to begin each new frame with a 
predetermined component of said color signal, 

5. A method of decoding a high-de?nition baseband 
video signal having a chrominance subcarrier embed 
ded in the low-band portion of said signal which subcar 
rier is an odd-multiple of half the line scanning rate and 
having high-resolution chrominance and luminance 
video information in the upper-band portion of said 
signal comprising 

adding to a low-pass ?ltered portion of said signal the 
lower sideband luminance output of the modula 
tion result of beating a band-pass ?ltered upper 
portion of said signal with a local oscillator having 
a frequency that is a non-unitary multiple of said 
chrominance subcarrier, and 

demodulating the upper-band chrominance portion 
with a local oscillator signal having a signal that is 
an even multiple of the line scanning frequency. 

6. A method for decoding a high-de?nition baseband 
video signal having a chrominance subcarrier which is 
an odd-multiple of half the line scanning rate embedded 
in the low-frequency portion of said signal and having 
high-resolution video information in the upper-fre 
quency portion of said signal comprising the steps of: 

heterodyning a band-pass ?ltered portion of said sig 
nal with a local oscillator frequency that is an even 
multiple of the line scanning frequency, 

band-pass ?ltering the lower sideband product of said 
heterodyning, and 

demultiplexing the output of said band-pass ?lter to 
obtain I chrominance and Q chrominance informa 
tion signals. 

7. A method for providing a high-resolution baseband 
video signal from a video signal source having a band 
width adequate to provide the desired degree of hori 
zontal resolution comprising the steps of: 

forming from said video signal source a low-fre 
quency baseband signal having an embedded chro 
minance subcarrier . 

product modulating a high-pass ?ltered upper portion 
of said source signal with a signal having a fre 
quency that is a multiple of the frequency of the 
chrominance subcarrier embedded in said baseband 
signal 

band-pass ?ltering the output of said product modula 
tion to select the lower sideband of said output, 

anti-aliasing ?ltering said video signal source, 
band-pass ?ltering the I and Q chrominance signals 

from said source signal, 
alternately product-modulating said band-pass ?l 

tered I and Q chrominance signals with a local 
oscillator frequency which is an even-multiple of 
the line scanning frequency of said video signal 
source to non-interferingly interleave with said 
lower sideband of said output, and 

combining said lower sideband of said output and the 
alternatively product-modulated chrominance sig 
nals with said low-frequency baseband signal. 

8. A system for generating a high-resolution baseband 
video signal from a line-scanning source of anti-alias 
?ltered video signals having a number of scanning lines 
per frame and a bandwidth adequate to provide the 
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desired degree of vertical and horizontal resolution, 
said system comprises 
means for modulating a high-pass ?ltered portion of 

said source signals with a signal having a frequency 
that is a multiple of the frequency of the chromi 
nance subcarrier embedded‘in a lower portion of 
said baseband source signals to produce a sideband 
signal having spectra that do not overlap the spec 
tra of said lower portion, 

means for multiplexing among successive horizontal 
lines only the band-limited high-frequency portions 
of the color signal contained in said source signals, 

means for modulating said multiplexed band-limited 
color signal with a carrier signal to provide a sin 
gle-sideband color spectrum that non-interferingly 
interleaves the high-frequency luminance spectra 
of said produced sideband signal, and 

means for combining the produced sideband signal 
and the modulated multiplexed band-limited color 
signal with said lower portion of said baseband 
signals. 

9. The system of claim 8 wherein said signal for mod 
ulating said high-pass ?ltered source signals has a fre 
quency such that the frequency of the highest compo 
nent of said source signals when subtracted from the 
frequency of said modulating signal lies above the high 
est frequency of said lower portion of said baseband 
signals. ‘ 

10. The system of claim 9 further comprises means for 
deriving a line scanning synchronizing signal from said 
chrominance subcarrier, and 

said multiplexing means comprises means responsive 
to said synchronizing signal to being each new 
frame with a predetermined portion of said color 
signal. 

11. A system for decoding a high-de?nition baseband 
video signal having a chrominance subcarrier embed 
ded in the low-band portion of said video signal whose 
subcarrier is an odd-multiple of half the line scanning 
rate and having high-resolution chrominance and lumi 
nance video information in the upper-band portion of 
said video signal, said system comprises 
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means for band-pass ?ltering an upper portion of said 

signal, 
means for demodulating the band-pass ?ltered upper 

portion of said signal to extract the high-resolution 
luminance information with a local oscillator signal 
having a frequency that is a non-unitary multiple of 
said chrominance subcarrier, 

means for low-pass ?ltering said low-band portion of 
said video signal, 

means for decoding chrominance information from 
said low-band portion of said video signal, 

means for chrominance band-pass ?ltering said up— 
per-band portion of said signal; 

means for demodulating said chrominance band-pass 
?ltered upper-band portion of said signal with a 
local oscillator signal having a signal that is an even 
multiple of the line scanning frequency; 

means for adding the demodulated chrominance 
band-pass ?ltered uppper portion of said signal 
with the low-band chrominance portion for display 
purposes; and 

means for adding the low-pass ?ltered portion of said 
video signal with the lower luminance sideband 
portion of the modulated band-pass ?ltered upper 

_ portion of said video signal for display purposes. 
12. A system for decoding a high-de?nition baseband 

video signal having a chrominance subcarrier which is 
an odd-multiple of half the line scanning rate embedded 
in the lower frequency portion of said signal and having 
a high-resolution video signal in the upper-frequency 
portion of said baseband video signal, said system com 
prises 
means for heterodyning a band-pass ?ltered portion 

of said baseband video signal with a local oscillator 
signal that is an even-multiple of the line scanning 
frequency, 

means for band-pass ?ltering the lower sideband 
product of said heterodyning means, and 

means for demultiplexing the output of said band-pass 
?ltering means to obtain I chrominance and Q 
chrominance information signals. 

* * * * 161 


